seems to correspond to the global tendency in this respect [10] . The fact that males are more interested in combat sports is largely connected with psychological-social factors, which can be illustrated for instance by males' heightened willingness to compete against each other [11, 12] .
Increasing attractiveness of PE lessons to students plays a very important role in improving the motor fitness of future role models of society. University and college graduates achieve managerial position in the work force, become involved in opinion-forming bodies and owing to the knowledge they possess can influence the attitudes of politicians and even society as a whole [13] . It is, therefore, safe to assume that these people will be largely responsible for the scale of progress in shaping social needs and public health standards [14] .
Despite the above expectations, research conducted in numerous countries has unanimously indicated that university students are characterized by a very low level of physical activity and PE lessons are frequently their only form of exercise, and more often than not -their final [15, 16, 17] . Researchers worldwide have come to the conclusion that people today seem to have forgotten that their bodies are programmed for an active lifestyle [18] . The chronic lack of physical activity, inappropriate nutrition and other negative social factors result in increasing rates of so called civilization diseases such as: cardiovascular diseases (heart attack, heart failure, stroke), respiratory diseases (sleep apnoea), problems with joints (degeneration, spinal deformations, flat-footedness), metabolic changes (diabetes), some types of cancer (breast, colon), mental disorders (depression, apathy), infertility and even death [19, 20, 21, 22] . It has been determined that the highest increase in weight occurred between the ages of 18 and 29 [23] . Weight gain among college students has been mainly attributed to a decrease in physical activity and an increase in caloric intake [17, 24, 25] .
Multi-activity physical education programs (consisting of multiple sports and physical activities) have been dominant in the United States for many years; as a result today's American students are becoming increasingly aware of the importance of healthy lifestyles, and thus they tend to be more motivated and interested in programs that emphasize health-related fitness (H-RF) [7] . Unfortunately, this tendency has not been observed among Polish students [26] . It is possible that this negative attitude can be reversed by taking advantage of the popularity of martial arts and incorporating them into the university P.E. program. During martial arts trainings much emphasis is placed on increasing the level of motor fitness in people who in general can be considered physically inactive [27] . Another reason behind the necessity of increasing the attractiveness and intensity of physical education classes is the fact that the P.E. minimum at Polish tertiary institutions has dramatically decreased from 240 45-min-lesson units in 1999 to 60 in 2012 [28] . The hours are given as "academic hours"; in Poland, one academic hour lasts 45 min. The current scope involves 30 90-min-classes, which students must complete over a period of two semesters during the first year of their studies. A similar tendency has been observed nationwide, as many public and private schools and universities reduced the number of P.E. classes or, worse still, excluded them completely from their curriculums [29] . Such actions plainly signify that this branch of higher education has be come greatly marginalized by authorities [16, 30] . In addition, it is worth speculating whether 90 minutes of physical activity per week, regardless of its form, is sufficient to promote and maintain health-related fitness (H-R F) among healthy young adults.
According to the guidelines published by the American College of Sports Medicine (ACSM) and the Center for Disease Control and Prevention in 1995 healthy adults aged 18 to 65 need aerobic (endurance) physical activity of moderateintensity for a minimum of 30 min. five days per week or vigorous intensity aerobic physical activity for a minimum of 20 min. three days a week [31] . Based on the above, the current number of PE lessons, although significantly reduced, allows to provide an intense physical exercise. During such P.E. lessons held at the UWM, participants are offered an opportunity to learn various techniques of the most popular martial arts styles such as: tae-kwon-do, ju-jitsu, boxing, kickboxing, krav maga or kung fu. All disciplines of martial arts are considered to be highly demanding for most muscle groups and require well-developed skills, muscular performance, agility and higher reaction time [32, 33, 34, 35] . Apart from this, UWM students are offered a range of other forms of P.E. classes depending on their interest and individual preferences. These include: general P.E. classes, body-building and fitness, volleyball, jogging followed by sauna treatment, and even golf. The wide scope of activities organized by the Department of Physical Education and Sport enabled us to assess which form of physical activity had the most positive effect on increasing the level of UWM students' motor fitness.
The aim of the assumed research was the assessment of the usefulness of martial arts classes included in the UWM P.E. curriculum in increasing the level of first-year students' motor fitness. A more in-depth evaluation pertained to changes in terms of individual motor abilities induced by the above mentioned classes as compared to other forms of physical activity realized during the obligatory P.E. courses. Based on the reviewed literature, it was hypothesized that out of the analyzed forms of physical activity, martial arts had the most significant positive effect on increasing the level of individual motor abilities and, in consequence, students' motor fitness.
Material and methods

Ethics
The study was conducted in accordance with the Helsinki Charter of Human Rights and was approved by the Ethics Committee of the University of Warmia & Mazury in Olsztyn. Each participant expressed a willingness to voluntarily participate in the study, and was informed about the aim of the studies, methodology and the possibility to resign at any state without providing a reason. The performed motor tests did not pose a risk to the participants' health. The exclusion criteria were contraindications for physical activity and lack of ap proval for participation in the research.
Subjects
The research lasted two weeks and was completed in the second part of May 2010. It was conducted with first-year, fulltime students enrolled at the University of Warmia and Mazury in Olsztyn (UWM). Twenty-three groups of students, totaling 330 men, were chosen using random selection tables [36] from a total of 250 groups attending PE lessons. The participants were students of various faculties, 96% of whom were males aged 19-20. This number was determined based on the technical possibilities of surveying the study participants during a single week. Those students who, for whatever reasons, were absent on any day of the studies and therefore did not complete the full set of motor tests were excluded from the research. The study subjects were all male students since very few female students chose to participate in martial arts and those who did were not taken into account. In order to eliminate gender as variable only male students were also selected from the other forms of P.E. classes.
All the participants were permanent residents of the Warmia and Mazury voivodeship. Their level of physical activity was restricted only to the obligatory P.E. classes held at the university once a week for 90 min. As a result of the above and based on the Polish version of the standardized and validated International Physical Activity Questionnaire (IPAQ) [37] , it was concluded that the analyzed students represent low intensity level of physical activity. Therefore, the study group can be considered homogenous and appropriate for these kinds of studies. Table 1 presents the percentages of students taking part in the individual types of physical activity such as: martial arts (no 1), body-building and fitness (no 2), volleyball (no 3), jogging followed by sauna treatment (no 4), golf (nr 5), and general PE classes (no 6).
As can be seen from the table, the highest and similar percentage of the analyzed male students participated in martial arts classes and general PE classes (23.94%, and 23.64% respectively). Golf (10.91%) and jogging combined with sauna (11.21%) were found to be least popular among the study participants.
Experimental design and testing schedule
Basic anthropometric parameters (body mass and height) were measured for all participants. Based on this data, the percentage of body FAT was calculated in the form of BMI. Body height was measured using a professional medical scale equipped with the stadiometer -WB-150 (ZPU Tryb-Wag, . A large number of the applied motor tests allowed assessing given motor abilities as accurately as possible. All the tests applied have been scientifically confirmed as accurate and valid [38, 39] . Each of the students was instructed on the proper technique of executing every motor task during the lessons preceding the actual test dates and given ample time to practice them. Prior to performing the actual tests, the participants took part in a 10-minute warm-up. In the assessment of physical activity, a short version of the standardized and validated International Physical Activity Questionnaire (IPAQ) was used [40] . The level of weekly physical activity (measured in units MET min/wk), which was described as high, moderate and low intensity, was determined by multiplying the number of days in which the activity was done in a week, the average duration of the activity in one day, and metabolic equivalent of the task (1 MET -metabolic equivalent of work -a resting energy expenditure as sum ing oxygen consumption of 3.5 mL-min/kg weight). The subjects completed the IPAQ alone in the presence of a train ed interviewer, who explained all the queries about the interpretation of the questions included in the questionnaire. Since people who are actively involved in sport and other forms of physical activity are characterized by a higher level of motor fitness and skills than those who are physically inactive [39] , their participation in the studies could have significantly distorted the results regarding the differences in the individual types of motor abilities. For this reason, such individuals who constituted a marginal percentage were excluded from the study group.
Statistical procedures
Using the descriptive statistics, the average values of results obtained in the individual trials were calculated as well as standard deviation. Maximum and minimum values were also given in order to indicate the range into which the students fell in the individual trials. Variance analysis was performed in order to determine the differences in the assessed levels of motor abilities between students taking part in various forms of physical education. Item means of the "form of Table 1 . Total number and percentage of students taking part in a given form of P.E. classes held at UWM 
Results
Anthropometric parameters and the average results obtained by the students in the individual motor tests have been presented in Table 2 .
Differences in the values of basic anthropometric parameters as well as the results obtained in the individual motor tests in relation to the assumed PE form have been presented in Tables 3-4 .
It was observed that students who participated in body building and fitness were characterized by the highest body mass, which was significantly higher than that of students who took part in the jogging and sauna program. Along with the students who practiced volleyball during the obligatory PE lessons, those involved in body building and fitness were also characterized by the highest height, which was found to be significantly higher than in the case of the students attending general PE classes. What is more, the highest percentage of body fat was noted in the students of bodybuilding and fitness as well as golf. In the case of these students, BMI was significantly higher than that calculated for their martial arts and jogging with sauna counterparts. The BMI of the students participating in martial arts, volleyball, jogging with sauna, golf, and general PE classes fell into the normal range, whereas those attending body building and fitness classes were found to be overweight (Tab. 3).
Judging from table 4 it can be said that volleyball students obtained the best results in the standing long jump trial. These were significantly higher than the results of the males participating in general PE classes and golf. The students who took part in the jogging with sauna course performed best in the 4x10 m shuttle run (the shortest time -10.42 s). In Table 2 . Basic anthropometric and motor parameters characterizing the analyzed study group Table 3 . Mean values of anthropometric parameters of the students practicing a selected physical activity
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This copy is for personal use only -distribution prohibited. the same trial the results of the students practicing martial arts, volleyball, jogging with sauna, and general PE classes were significantly higher than the results of those involved in bodybuilding/fitness and golf. Martial arts participants did best in the skipping with clapping of hands -8 s (27.80 claps in 8 s), and their results were significantly higher than amateur golfers, joggers and body builders. Significant differences in this trial also occurred between the students of body building/fitness and golf, with the former performing much better. As could be expected, the shortest times in the zig-zag run were those of the students taking jogging/sauna PE classes (25.31 s) but also martial arts (25.34 s). Their results were considerably higher than those of golfers (26.44 s).
Martial arts students also fared best in flexibility trials, such as: the downward bend from standing position and the forward-backward rotation of a bar over the head, which tested trunk flexibility in the sagittal plane (10.07 cm), and the range of movement of the shoulder joint (85.62 cm) respectively. In the case of the first trial, the results of the martial arts students were significantly higher than the students taking part in all other analyzed forms of physical education. On the other hand, the second flexibility trial was performed the worst by bodybuilding/fitness students, whose results were significantly lower than those of all others. Moreover, martial arts students were able to perform the highest number of sit-ups in the time allotted. Their results (25.13 sit-ups/30 s) were significantly higher than those of golf, general PE classes, and volleyball participants.
It is not surprising that students of body building/fitness performed best in the medicine ball backward throw trial. The distance within which they were able to throw the ball (1122.03 cm) was extensively higher than that of other types of PE participants. A similar phenomenon was observed in the case of the medicine ball forward throw in which bodybuilding/fitness stu- dents obtained the best results (928.02 cm), much higher than the distances achieved by the students of volleyball, general PE, and martial arts classes. In the case of another strength trial, namely pull-ups on bar, the biggest number of repetitions was observed in the men taking part in martial arts classes. Their results were noticeably better than those of golf, volleyball, body building/fitness, and general PE participants. The results of the 1 minute Burpee test were found to be the highest in the case of the students who chose joggingsauna and martial arts as their preferred form of physical education (26.07 cycles/minute, and 25.68 cycles/minute respectively). These results were significantly higher than those in the case of body building/fitness and golf students. As far as the 3 minute Burpee test is concerned, numerous dependences were observed. The results of the PE students who jogged and used the sauna were significantly higher than those of volleyball, general PE, and bodybuilding/fitness participants. Moreover, volleyball players achieved significantly higher results than their general PE and bodybuilding/fitness counterparts. A similar dependency was also observed between general PE and body building/fitness students in favor of the former.
In the 12 min. Cooper test on a rowing ergometer, the students who took part in jogging/sauna and martial arts classes were characterized by the best results (2637.16 m/12 min., and 2487.28 m/12 min. respectively), which were significantly higher than the results of general PE, volleyball, and bodybuilding/fitness students. Finally, the distances covered by general PE and volleyball participants were significantly higher than the distances completed by the students of bodybuilding/fitness.
Discussion
The conducted research provides valuable information which has led to several interesting conclusions. They pertain to, among others, the phenomenon of limited human somatic and motor development which is the result of the restricted requirement of anthropometric parameters as well as motor abilities and skills stemming from specialization in certain sports. Each sport or type of physical activity is characterized by different specifics [41, 42] . These specifics of different forms of movement result in changes regarding anthropometric indicators and the level of motor fitness, which depending on the intensity of stimuli is higher or lower in the scope of given motor skills and abilities [43] . This phenomenon is typical of sports performers at the professional level, who are characterized by the somatic type and body composition specific to the given discipline [44] . Our studies confirmed the above assumption as supported by the values of anthropometric parameters and BMI, and the results achieved in the individual motor tests. It was observed that the students participating in bodybuilding/fitness activities were marked by the highest BMI. The values of the BMI are not relevant for people who practice bodybuilding, i.e. whose muscle mass is significantly developed [45] . This is due to the fact that the BMI does not account for the proportion between the different components of the body tissue (muscle tissue and adipose tissue). It should be noted, however, that men who attend strength training once a week cannot be treated as professional bodybuilders, and therefore the BMI values based on their parameters are reliable and relevant for this group of athletes.
The results of the men training volleyball and bodybuilding/fitness perfectly illustrate this relation. Significantly better results achieved by volleyball students in the standing long jump trial could have been caused by the fact that students practicing volleyball perform relatively more jumps as compared to those involved in other forms of physical activity. Another striking example are body bodybuilding/fitness students who were characterized by the highest level of strength abilities (in the tests such as: the medicine ball backward throw and the medicine ball forward throw), along with the lowest level of flexibility as demonstrated by the downward bend from standing position and forward-backward rotation of bar over head trials and also endurance abilities (Cooper test on a rowing ergometer 12 min). As supported by the studies of other authors, ball games and free play (e.g., soccer, basketball, and football) were found to increase heart rate more significantly than gymnastics [46] . Other research also confirmed that students participating in team sports spent more time in their HR Zone (have higher mean heart rates) than those participating in other types of activities [47, 48] .
Based on the presented research it was observed that certain forms of physical activity have a stronger and more stimulating effect on human body as compared to others. A good illustration of this are the students taking part in martial arts classes as they represented the best developed and well-rounded group of students in terms of the assessed motor abilities. The men training martial arts obtained the best results in the following trials: sit-ups 30 s, the skipping with clapping of hands -8 s, the standing downward bend, and the pulling-up on bar. Moreover, in the tests such as: the 4 x 10 m shuttle run, the zig zag test, the forward-backward rotation of bar overhead, 1 and 3 min. Burpee tests, and the Cooper test on a rowing ergometer 12 min, their results did not differ significantly from the highest achieved in those tests.
The study participants took part in a limited number of 15 90-min-lessons held once a week over the course of a semester, which might point to the students' low level of physical activity. Although the scope of PE lessons did not seem to be sufficient, it was observed in other studies that there are numerous benefits of training on a rowing ergometer only once a week over the distance of 500 meters by physically inactive male [49] and female students [50] . Interestingly, the research in question revealed gradual improvement discerned by the ability to cover a given distance within a faster time up to a certain level (5-6 trainings) after which the results ceased to improve.
Taking the above as well as the results of the present work into consideration, it can be assumed that the specificity of the given form of physical activity can significantly affect the level of individual motor abilities even when performed at a relatively low frequency. Thus, it could be interesting to pose a question what makes martial arts more effective than other forms of physical activity. There are many factors that exert an influence on the students' willingness to participate in PE programs. One of them is the nature of the activity itself [51] . In the case of our research the students who chose this PE form entered the trial with a specific goal in mind, namely learning the techniques of self-defense which could be used later on in sparring sessions as well as potential real-life situations. By this, their concentration was more focused and maximum effort dedicated. It has been indicated by the studies of other authors that students are more likely to be physically active and eager to devote greater effort providing they believe they can actually accomplish something during PE lessons (in our case it was to learn a new practical technique). The authors of this study believe that physical educators should adopt effective strategies to raise students' motivation by promoting individualized and ability-oriented tasks that enhance success [7] .
Moreover, the type of physical activity performed would influence the time spent while performing moderate-to-vigorous physical activity (MVPA) [48] . Research conducted by Strand & Reeder [52] revealed that students spent 50% of the class time in their target heart zone, which they were able to attain by participating in nine different activities, although the time spent in the target rate zone varied. At the end of the main part of the martial arts lesson, a sparring session usually took place compelling the practitioners to the highest psycho-physical effort. It has been confirmed by the studies that sport activities tend to produce equal or greater time in MVPA than other activities [53, 54] . Proper execution of combat techniques requires from the practitioner an adequate level of general motor fitness. Therefore, in addition to specialized techniques, the students in self-defense classes completed a set of specially designed exercises such as agility tests, aimed at improving general motor fitness. This stems directly from the fact that without an adequate level of general motor fitness a practitioner will not be able to properly perform specific techniques (for example a high leg kick from the jump). In consequence, this would make them more involved in the exercise [55, 56] . As a result of the increased motivation to participate in martial arts, evolving into a more intense exercise, a greater improvement of motor abilities than in other cases was observed in the students.
This was achieved by the martial PE classes held at the UWM. It can be argued that other forms of physical education analyzed in our study also provide the students with specific tasks and goals, with the exception of general PE classes. Those taking up bodybuilding aimed at increasing strength and developing muscles, whereas volleyball and golf players learned the rules and techniques of the games. Joggers, on the other hand, aspired to cover longer distances so as to improve endur ance and lose weight. However, none of these aims has as strong practical applications as learning martial arts.
Conclusions
Based on the conducted studies it can be stated that the level of students' motor abilities depends on the form of physical activity undertaken. The study results suggest martial arts classes result in the highest level of motor fitness displayed by the best results in the largest number of motor tests, particularly when taking into account the fact that all of the participants were classified as physically inactive while entering the research and over the period under study they took part only in obligatory PE classes. Additionally, the results of this study may have significant implications for educational practice. Physical educators must consider physical effects that different sport-oriented activities may have on students when designing and implementing PE programs that attempt to develop students' motor fitness, their positive motivational beliefs about physical activity and demonstrate its high levels in those programs. Therefore, it can be concluded that practicing martial arts is better suited for the well-rounded development of young males' motor fitness than other forms of physical activity.
